Objective: To evaluate the effects of platelet-rich plasma injection on histological changes of osteoarthritis using the modified Mankin score in monoiodoacetate-induced rat knee model. Methodology: Thirty-two pathogen-free male rats aged 3-4 months were selected and divided into two groups with 8 and 24 animals, respectively. Groups A was used as control. Experimental group B was further subgrouped as B1, B2 and B3 with 8 animals, in each subgroup. Monoiodoacetate solution was injected into the articular cavity of the right knee joint of all the animals in group B. Both the control (A) and experimental group B1 were sacrificed after 2 weeks of MIA injection, for observing the histological changes in the articular cartilage. Group B2 received a single injection of platelet rich plasma (PRP) while group B3 was reared as such. Both groups were sacrificed after 4 weeks of intra-articular administration of PRP. Articular cartilage was collected, processed and stained with hematoxylin and eosin (H&E) and toludine blue (T.B). Routine histological study was done and Mankin score was calculated to determine the grade of arthritis. SPSS Version 21 was used for the statistical analysis and p-value was considered significant at the cut-off value of 0.05. Results: The mean Mankin score of group B3 (9.37) was significantly higher than that of group B2 (7.37, p=0.003). Conclusion: Platelet-rich plasma treatment controls the histological changes of chemically-induced osteoarthritis in rat knee.
INTRODUCTION
Osteoarthritis (OA), is a progressive variety of arthritis affecting different joints of the body and one of the main causes of restriction of routine life activities. According to community-oriented programme for control of rheumatic diseases (COPCORD) studies conducted in Pakistan in 1998, 3.7% of the 2,090 subjects were found to be suffering from knee OA. 1 Features of OA include progressive cartilage degradation, subchondral bone remodelling, synovitis, and chronic pain.
Intra-articular administration of monoiodoacetate (MIA) has become a standard for induction of knee OA in rats and mice. 2 MIA decreases the sulphated proteoglycan content of the matrix and blocks the glycolytic pathway by interfering with the activity of glyceraldehyde-3phosphate dehydrogenase. 3 Amount of MIA injected and the interval between the administration and observation of results affect the severity of arthritis.
Pharmacological agents, knee debridement, osteotomy, and knee replacement surgeries are used for treatment of OA. Non-steroidal anti-inflammatory drugs, opioids, and disease modifying agents have been used since long for symptomatic relief in OA; but use of these drugs is associated with adverse side effects. Recently, platelet rich plasma (PRP) is a new advancement in treatment of OA. PRP is gaining significant attention as an autogenous source of growth factors like transforming growth factors (TGFs), connective tissue growth factors (CTGFs), insulin-like growth factors (IGFs), platelet derived growth factors (PDGFs), and fibroblast growth factors (EGFs & FGFs), which are believed to influence the healing of the musculoskeletal system by promoting stem cells multiplication, collagen fibers synthesis and vasculogenesis. The beneficial effects of PRP are attributed mainly to TGF- which is involved in articular cartilage repair, matrix synthesis and cell proliferation. 4 Various studies have been carried out to determine the concentration of platelets, which can be used for healing of musculoskeletal injuries. 5, 6 group. 7 Gosen and colleagues carried out a randomised control trial for comparison of efficacy of corticosteroids and PRP injections in treatment of epicondylitis and concluded that PRP was found to be more effective for pain relief and improved function of the affected joint. 8 Several studies have been carried out to evaluate the in vitro effects of PRP, which supported its role in osteogenic activity of osteoblasts and chondrocytes in addition to fibroblast migration; 9,10 however, literature search indicated that PRP therapy only addresses the symptoms and does not affect the cartilage structure or progression of disease. This study was, therefore, carried out to establish the effects of platelet therapy on the histological changes occurring in the articular cartilage of MIA-induced model of osteoarthritis. All ethical aspects of this study were reviewed and approved by the Ethical Review Committee of Army Medical College, Rawalpindi.
Thirty-two adult healthy Sprague Dawley rats (purchased from NIH, Islamabad) aged 3 -4 months, weighing 200-300 gms were randomly selected using non-probability convenient sampling technique, and divided into two groups; control (A) and experimental (B). Experimental group B was further split into three subgroups (B1, B2 and B3) with 8 rats in each subgroup. All animals were housed in separate cages, which were well ventilated. Moreover, 12-hour light and dark cycles were maintained at room temperature of 20º -26ºC. Animals were fed standard lab diet and water ad libitum. All animal procedures and housing was done following the guidelines of animal house of National Institute of Health (NIH), Islamabad.
OA was induced in the experimental group by administrating 50µl of MIA (StruChem San Diego, Labseeker Inc.) solution, which was prepared by dissolving the chemical in 0.9% normal saline. Total 2mg of the chemical was injected into the right knee joint of each animal. Control A and experimental group B1 were sacrificed at day 14 for establishing whether osteoarthritic changes had occurred or not. Group B2 was treated with PRP; whereas group B3 was left as such.
PRP was prepared under sterile conditions using a double centrifugation technique. Intra-cardiac blood (3 ml) was collected in a syringe containing 0.05ml of 0.1M sodium citrate as an anti-coagulant. PRP extraction was done following the protocol established by Zhang and his fellows. After centrifuging at 500×g for 10 minutes, the plasma and buffy coat were aspirated and centrifuged again at 2200×g for 10 minutes. Platelet poor supernatant was then aspirated leaving the rest as PRP. 11 Platelets were activated by adding 10% calcium chloride (50µl), 12 to 0.5 ml of platelet-rich plasma, which was injected into the articular cavity of the knee joint. Insulin syringes were used for the administration of PRP and MIA.
Rats in groups B2 (treated) and B3 (non-treated) were euthanised four weeks after the injection of PRP, by chloroform inhalation. Tibia of each right knee was collected and gross appearance of the cartilage was noted. India ink stain was used for better visualisation of the chondral lesions. 13 The specimen were then fixed in 10% formalin. After decalcification with 5% nitric acid, the specimen were embedded in paraffin and 5µm thick sections were cut using rotary microtome. H&E stains along with toludine blue were used for staining of the slides. Histological assessment of slides was done using modified Mankin score (Table I) . Total score was calculated considering the parameters as structure of cartilage, cells count and TB staining of matrix. Hypercellularity/hypocellularity was labelled, if the cell count was above or below the normal range of cells in control group. Cloning was said to be present when a cluster of more than four chondrocytes was observed. 14 Mankin scoring system was modified omitting the changes occurring in the tide mark. 15 OA was classified as low, moderate or severe, if the score range was (1-3 points), (4-7 points) and (>8 points), respectively. 16 SPSS Version 21 was used for analysis of data. Mankin score was expressed as mean ± standard deviation (mean ± S.D). Independant sample t-test was used to calculate the statistical significance among the treated versus the non-treated group. Keeping 95% confidence level, statistical significance was present when the p-value was equal to or less than 0.05.
RESULTS
Macroscopically, group B2 showed deep lesions in the cartilage surface with bony fragmentation. The gross changes were more severe in the non-treated group with wide spread areas of damage exposing the underlying bone. Microanatomic appearance of tissues among the groups B2 and B3 showed presence of osteoarthritic changes. In experimental group B2, surface fissures along with decrease in uncalcified cartilage thickness were noted (Figure 1 ). Cloning was seen in some animals with moderate decrease in staining of the matrix. The changes in the non-treated group B3 were of higher degree than those noted in the treated group B2. In the non-treated group, there was marked loss of cartilage height, extensive chondrocyte apoptosis along with severe depletion of the cartilage matrix. Multifocal collapse and erosion of subchondral bone was noted in some animals with bony outgrowths noted at the margins of the cartilage. The mean Mankin scores for group B2 and B3 were 7.37 ±1.40 (range 5-9) and 9.37 ±0.744 (8-10), respectively. Intergroup comparison of mean Mankin scores between the treated group B2 and the non-treated group B3 yielded a p-value of 0.003, which was found to be statistically significant.
DISCUSSION
The present study was aimed to study the histological effects of autologous PRP injections in chemically induced osteoarthritic model of rat knee. Researches carried out on the effects of PRP showed favourable effects in clinical cases of OA; 17 however, no significant work has been done to observe its effects on the histology of the affected cartilage. To the best of our knowledge, this is the first study evaluating the effects in chemical models of OA.
The potential of PRP to heal wounds and tendinopathies has been shown to have promising results. Laver and his colleagues published a systemic review on the role of PRP in clinical cases of knee and hip OA; and they concluded that clinical improvement was noted in PRPtreated groups as compared to the alternative treatment modalities. 18 Many researches have shown that PRP starts to release its growth factors within the first 10 minutes, while releasing 95% within an hour. The role of platelets in maintenance of hemostasis and healing of wounds is attributed to the release of these factors. During the present study, double-spin concept was used to produce 0.5 ml of liquid PRP producing platelet count, which was thrice that of baseline.
In this study, PRP prevented apoptosis of articular chondrocytes, which are responsible for secreting the cartilage matrix and maintaining the normal architecture of the cartilage. During this study, we successfully established an animal model of knee osteoarthritis, evident as significantly different mean Mankin scores in groups A and B1. Among groups B2 and B3, PRP therapy ameliorated the effect of MIA and caused the mean Mankin score to be less as compared to that of group B3, which did not receive platelet therapy. This finding was in accordance with the work carried out by Wu and colleagues, who observed the effects of PRP in surgical models of OA and found that the animals receiving PRP had less severe pathological changes as opposed to the group, which did not receive platelet injections. 19 The present work was also supported by Patel and others, which showed that PRP injections improved WOMAC parameters (pain, stiffness and physical activity) in knee OA. 20 Cole and others also carried out a randomised control trial for comparing the effects of PRP and HA and concluded that synovial fluid of the PRP-treated group showed lower concentrations of pro-inflammatory cytokines; IL-1 and TNF- as compared to the ones receiving HA. 21 Yun and fellows, compared the effects of mesenchymal stem cells and PRP on surgical model of OA in dogs and concluded that the PRP treated group had less mean Mankin score as compared to the stem cell-treated group, 22 which augments our results. Kraeutler and his fellow workers reviewed the works carried out on the role of PRP and concluded that it has positive role in in vitro chondrocyte differentiation and enhanced cartilage repair in animal models of chondropathies. 10 In summary, the present study concludes that platelet therapy was able to provide a protective effect by inhibiting the process of articular damage. Future research investigating the effects of PRP on other joints using multiple injections is required to establish the effect in this model.
The generalisation of this study results is limited by the fact that Mankin's histological histochemical grading system (MHHGS) has been critiqued for its validity in reproducing osteoarthritic changes in cartilage. Saal and Wyatt along with other researchers concluded that this scoring system does not allow to distinguish between mild and moderate grades of OA; 23 however, it is reliable for differentiating normal and cartilage affected by high grade OA. Pritzker and his fellows concluded that faulty technique of slide preparation can be the cause for the non-reliability of this grading system. 24 
CONCLUSION
Platelet-rich plasma infusion ameliorates the effects of monoiodoacetate solution and prevents further deterioration of the cartilage structure as manifested by the mean Mankin score, which lead us to the conclusion that PRP has beneficial role in treating OA.
FUNDING:
This project was funded by National University of Medical Sciences (NUMS).
DISCLOSURE:
This article is based on the research thesis of one of the authors.
ETHICAL APPROVAL:
All ethical aspects of this study were reviewed and approved by the Ethical Review Committee of Army Medical College, Rawalpindi.
